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THE  EFFECT  OF  THE  STRUCTURE  OF  THE  COASTAL  MARINE  BOUNDARY- 
LAYER  ON  THE  DETECTION  OF  SHIP  TRACKS 
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92093-0230,  drogers@ucsd.edu,  Phone:  (619)  534-6412,  FAX:  (619)  534-7452 

LONG-TERM  GOALS 

The  goal  of  this  research  was  to  understand  the  mean  cloud-topped  boundary  layer  conditions 
that  favor  the  persistence  of  cloud  lines  associated  with  ship  tracks. 

SCIENTMC  OBJECTIVES 

The  specific  objectives  of  this  work  were  to  determine  how  the  diurnal  variability  of  the  bound¬ 
ary  layer  affects  the  persistence  of  these  tracks;  to  determine  how  variations  in  boundary  layer 
structure  associated  with  various  coastal  phenomenon  affect  the  development  and  persistence  of 
ship  tracks;  and  to  what  extent  the  variations  in  ship  track  scales  observed  in  satellite  images  can 
be  tied  to  variations  in  coherent  scales  in  the  boundary  layer. 

APPROACH 

Aircraft  data  collected  during  the  Monterey  Area  Ship-Tracks  (MAST)  experiment,  combined 
with  similar  data  from  the  Atlantic  Stratocumulus  Transformation  Experiment  (ASTEX)  was 
used  to  characterize  the  mean  and  turbulent  structure  of  the  boundary  layer  that  favors  the  devel¬ 
opment  of  shiptracks.  In  particular  aircraft  patterns  can  be  used  to  determine  the  boundary  layer 
scales  that  appear  to  be  critical  to  the  size  and  distribution  of  the  ship  cloud  lines.  We  are  also 
using  these  data  to  look  at  the  slope  of  the  boundary  layer  to  determine  if  the  ship  cloud  requires 
the  boundary  layer  to  lift  in  a  similar  manner  to  the  wakes  observed  from  islands. 

TASKS  COMPLETED 

We  have  completed  the  analysis  of  the  aircraft  data  collected  during  MAST 
SCIENTIFIC  RESULTS 

Large  scale  horizontal  rolls  can  have  a  significant  influence  on  turbulent  transport  across  the  atmos¬ 
pheric  boundary  layer;  the  formation  and  maintenance  of  such  rolls  is  dependent  on  the  thermal  and 
dynamic  stability  of  the  boundary  layer.  We  have  aircraft  observations  of  boundary  layers,  both 
with  and  without  roll  circulations,  off  the  coast  of  California.  The  contribution  of  the  rolls  to  the 
turbulent  fluxes  X)f  heat,  moisture,  and  momentum,  and  the  variances  of  the  three  velocity  compo¬ 
nents  are  determined  for  four  cases.  The  fractional  roll  contributions  to  the  u  and  w  variances,  and 
the  sensible  heat  and  along-wind  momentum  fluxes  show  a  near  linear  increase  with  altitude,  from 
less  than  10%  at  30  m  to  more  than  70%  at  the  top  of  the  BL.  The  variance  in  v  and  cross-wind 
momentum  flux  are  more  scattered,  although  the  variance  shows  a  slight  increase  with  altitude  from 
about  40  to  60%.  The  latent  heat  flux  also  shows  a  great  deal  of  scatter,  especially  in  the  lower 
third  of  the  BL  where  the  total  flux  is  small;  above  this  values  range  between  about  40%  and  85% 
but  show  no  clear  trends.  A  stability  parameter,  in  the  form  of  a  bulk  Richardson  number  is  calcu¬ 
lated  for  each  of  thirteen  profiles  through  the  boundary  layer;  it  is  found  that  the  Richardson  num¬ 
ber  successfully  identifies  those  cases  where  rolls  are  present,  and  its  exact  value  corresponds  to 


some  extent  with  the  strength  of  the  rolls.  Values  close  to  zero  correspond  to  cases  with  well  de¬ 
fined  rolls;  for  0.1  <  Ri  <  0.25  rolls  are  found  to  exist,  but  they  tend  to  be  weak  and  patchy;  no  rolls 
are  found  where  Ri  is  greater  than  the  critical  value  of  0.25.  Reynolds  numbers  are  calculated  from 
a  number  of  different  definitions,  and  indicate  the  dynamic  instability  of  the  shear  dominated 
boundary  layers. 

IMPACTS 

The  results  indicate  that  the  longevity  of  ship  tracks  may  be  linked  to  the  organization  of  the  ma¬ 
rine  layer.  Rolls  produce  regions  of  convergence  that  favor  the  formation  and  maintenance  of 
clouds.  A  nearly  saturated  boundary  layer  is  need  for  ship  track  formation.  Thus  the  presence  or 
absence  of  rolls  may  significantly  affect  the  formation  and  detection  of  ship  tracks. 

TRANSITIONS 

The  results  from  this  study  have  been  made  available  to  NRL  Monterey  to  test  and  evaluate  large 
eddy  simulation  models  of  the  marine  boundary  layer. 

RELATIONSHIPS  TO  OTHER  PROJECTS 

This  work  has  led  directly  to  the  coastal  waves  experiment,  which  took  place  in  June  1996.  This 
project  combined  airborne  lidar  and  in  situ  turbulence  measurements  to  further  explore  the 
structure  of  the  marine  atmosphere.  In  addition  techniques  developed  for  this  project  have  been 
applied  to  other  programs,  such  as  SHAREM  115. 
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